Abstract: The objective of this paper was to evaluate changes in management practices of beef cattle from 2005 to 2011. Large nationwide surveys of husbandry practices in the beef industry were conducted to represent management practices used in 2005 and 2011 across Canadian Ecoregions. The two surveys attempted to similarly represent operation types (cow-calf, backgrounding, and finishing) and size. Several statistically significant changes in management practices from 2005 to 2011 were observed: in non-feedlot operations, these included more operations with >50% legume in perennial forage, less N fertilization applied to forages, increased winter grazing of cows, and higher quality feed used as a supplement to grazing. In feedlots, there were more shelter structures, less feeding of grain and more of high-legume forages, and more frequent removal of manure. Several practices remained constant in the two surveys including use of covers for storing hay, frequency of harvesting forage, time of barn and feedlot cleanout, manure storage and practices relating to manure incorporation into soil. The large increase in use of winter grazing on the Prairies as well as in eastern Canada documented here is an important change in the industry that has both economic and environmental implications.
Introduction
Many aspects of the agricultural economy in Canada are well characterized by government and industry data collection. Most of these readily available data deal with national and provincial production statistics such as numbers of animals, land areas and amounts of farm inputs and outputs, as well as animals and commodities imported to or exported from the country. Despite being invaluable, these data do not characterize many of the decisions made by producers, especially those related to land management including annual and perennial crops, feeding of livestock, or manure management. Two related surveys focused on production practices on beef operations in Canada, one in 2006 Bittman 2011, 2012) and the other in 2012 , for the years 2005 and 2011, respectively. In these, most of the questions were related to crop, animal, feeding and manure management. This paper examines management practices that have changed and those that have remained relatively constant over this 6-yr period. Tracking changes in production practices is necessary to properly compare trends in emissions or other environmental indicators over time, which otherwise only account for changes in the numbers of animals. For example, monitoring farming practices has helped to explain changes in farm emissions and hence concentrations of atmospheric ammonia (NH 3 ) in the Netherlands (Bleeker et al. 2009 ) and, recently, to demonstrate improvements in the sustainability of the beef sector in the United States (Capper 2011) . Such data are helpful for policy makers and commodity agencies to assess the need for new research and government programs.
Changes in beef management practice may be stimulated by many factors including economic sustainability and environmental regulation. As well, urbanization has had a major impact on farm activities, especially in central Canada (Wang and Shen 2011; Jobin et al. 2014) . Certainly, climate is an important factor for the industry in terms of availability and cost and quality of feed. Although climate change is anticipated as a key longterm driver for the cattle industry which requires planning (White et al. 2014) , it is difficult to predict its consequences (Li et al. 2013) . Bovine spongiform encephalopathy (BSE) impacted the beef industry during the 2005 survey as operations were unable to sell cattle resulting in a significant increase in inventory, coupled with record decreases in prices leading to a variety of responses in management practices. New technology often results from changing pressures on the industry, and adoption is a function of need, costs and willingness to take on risks .
The objective of this paper was to identify changes in land, feed and manure management practices in Canadian beef cow-calf, backgrounding and feedlot operations and to identify those practices that have remained constant between 2005 and 2011 across Canadian Ecoregions.
Materials and Methods
The survey methods are described for 2005 by Sheppard et al. (2009) and Bittman (2011, 2012) , and for 2011 by . The surveys were comparable in structure: The 2005 survey was the model for the 2011 survey. There was no attempt to sample the same operations in both years, although this may have occurred by chance for a few operations. The 2011 survey added questions about agronomy and was more specific about mass of materials (yield, feed, and fertiliser) and land usage. Also, the 2011 survey included more discretization by categories such as pasture type and animal type. Further, changes in wording in the 2011 survey were intended to avoid uncertainties found in the results of the 2005 survey and to provide more detailed information. However, as a result, direct comparisons of 2005 vs. 2011 data were hindered for some questions.
The 2005 survey was conducted by telephone by Statistics Canada. The 2011 survey, which included more questions, was carried out by Ipsos Forward Research over the phone or the internet. Both surveys were endorsed by industry but were voluntary; participants of the 2011 survey received a small honorarium as an incentive to undertake and complete the longer survey. In both surveys, confidentiality was assured. In both years, the same 11 (of 12) agricultural Ecoregions (a map showing these Ecoregions is given by Sheppard et al. 2009 ) were used as the primary factor for statistical interpretation (the Pacific Maritime Ecoregion was excluded because it had few beef cattle). Best attempts were made in both years to sample representative cross sections of operation sizes and operation types in each Ecoregion, but this was difficult when some of the randomly selected producers did not agree to be interviewed. Although data were collected for 11 Ecoregions (Table 1) , in general, the statistically significant regional differences were between two aggregate regions and two distinct Ecoregions: the Atlantic Ecoregion (which includes most of the Maritime Provinces), the "East" (which was an aggregate of three Ecoregions specific to southern Quebec and Ontario), the Boreal Shield Ecoregion (which includes northern areas from Newfoundland to Saskatchewan) and the Prairies (which was an aggregate of Ecoregions from Manitoba to the foothills of Alberta and British Columbia). In the present comparative analysis, only these four regions are differentiated.
For some parameters, it was necessary to re-compute values from the data of one survey to make them comparable to the corresponding data of the other survey, e.g., conversion of continuous quantitative data from one year to categorical data as obtained in the other year. Another approach was to compute ratios among the data within each year so the ratios could be compared from year to year. Statistical tests between surveys (years) for quantitative data were done by unpaired t-test of the means from each year, assuming unequal variance. For binary data, the two-proportion z-test was used (http:// stattrek.com/hypothesis-test/difference-in-proportions. aspx), although in practice, the results of this z-test agreed with results of unpaired t-tests when applied to the binary data. Analysis of variance (ANOVA) was used within years to compare regions, and means comparisons related to these ANOVA were conducted using Scheffe's test. Data for variables related to operation size, such as numbers of animals, areas of land and amounts of materials, were generally skewed, and the t-tests for all of these parameters were of log-transformed means [geometric means (GM)]. The corresponding measure of dispersion was the geometric standard deviation (GSD). When log transformation did not resolve normality, which was the case for ratios related to winter grazing, ANOVA of rank scores was used and the results are labelled accordingly.
Results and Discussion

Comparison of types of operations surveyed in 2005 and 2011
The total number of operations ( Tables 1 and 2 ) that were surveyed in 2011 (n = 1009) was slightly lower than in 2005 (n = 1380), but the distribution of operation types, as declared by the respondents (Table 2) , was generally comparable between years with the greatest number of responses from cow-calf only and cowcalf-backgrounding operations. The 2005 survey had a greater proportion of finisher-only operations than in 2011 (Table 2 ). There were some larger operations surveyed in 2005 than in 2011 (Table 1) The Canada-wide census of all beef cattle showed few significant differences in population between 2005 and 2011 (Table 3) , with a slight trend to increases in all regions except for a decrease in the Prairies, causing a slight decrease for all of Canada because the Prairies dominate the national population. There were consistently fewer cows in 2011, an effect that was significant for the Prairies (Table 3 ). The implications for interpretation of the 2005 and 2011 husbandry surveys are that the total beef cattle populations were nearly unchanged. There were shifts among cattle types, and the observed decrease in cow numbers in 2011 may be because there were excess cows held in 2005 because of the low prices for cull cows during the 2003 BSE trade issues. It may also portend a downward trend for the national population, which is consistent with a downward trend in beef consumption in Canada (Ding et al. 2011; and elsewhere. A related external factor was that the BSE crisis impeded the export market for Canadian cattle in 2004 and 2005 resulting in operations carrying cattle that they were unable to sell, and this unexpected abundance of cattle, along with other trade issues, consequently tightened profit margins throughout the beef industry (Schaufele et al. 2009 ).
Practices that remained unchanged
Many production practices did not change appreciably from 2005 to 2011, and some of these are summarized in Table 4 . These practices are mostly related to forage crop management and manure handling. For example, the proportion of operations across the country harvesting forage one, two, or more than two times per season remained almost unchanged for the two surveys (65 vs. 68, 30 vs. 26, and 5 vs. 5, respectively) . The proportion of operations harvesting more than 3 d prior to full bloom was almost the same (25% vs. 24%). There was no change in the fraction of operations with uncovered manure storage (both years 94%, Table 4 ). The percent of manure covered by incorporation into soil after application on arable land (~30%) was also nearly the same in both years. The similarity in the data regarding many forage and manure practices reported above was in keeping with expectation that these industry practices have not changed, and is evidence of the consistency of the methodology used in the two surveys and supports the validity of the differences reported below.
Practices that changed: forage production and grazing Table 5 shows that nationwide significantly more (P < 0.01) perennial forage crops received mineral N fertilizer in 2005 than either perennial or annual forages in 2011 (the forage types were not differentiated in 2005). The fractions of forage crops that were fertilized in the Atlantic, East and Boreal Shield regions were approximately twice as high in 2005 as in 2011, regardless of the forage type in 2011. The higher fertilizer use in 2005, despite lower cattle prices and hence cash receipts (Honey 2014) , may have been due to much lower fertilizer costs and the need for more feed due to the somewhat higher total cattle numbers (Table 3 ). There was a substantial increase in the fraction of operations across regions that reported that their perennial forages contained more than 50% legumes (especially on the Prairies) in 2011, and this may help explain why fewer operations applied mineral N to their forages in 2011 compared with 2005. More legumes in forage stand in 2011 may be due to more recent seeding, hardier varieties, milder winters, or higher seeding rates for legumes. Nationwide, there was a substantial increase in the ratio of operations using plastic-covered bales or bags relative to bunkers for ensiling perennial forages, especially evident in the East and the Prairies (Table 5) .
Although the proportion of operations that rotated pastures did not change significantly between the two sampling periods (data not shown), there was a significant decrease in the proportion of operations that rested their pastures for part of the season: from 38% for all pastures in 2005 to 31% of native or old pastures and only 16% of tame pastures in 2011, and this trend was consistent a "Corrals" were defined in 2005 as outdoor holding areas that were smaller than feedlots, with little grazing and included small fields with 50-200 head per ha, whereas "seasonal feeding areas" were defined in 2011 as corrals, pens, drylots, or small fields, with little grazing and not used for year-round finishing or backgrounding. The implications of this change in wording are not clear. across regions (Table 6 ). This may be related to tighter profit margins and consequently less investment in the additional fencing and water supplies associated with rest rotations. Interestingly, there was a doubling in the average fraction of time cattle were observed to congregate in small areas on pasture: Canada-wide it was 12% in 2005 compared with above 24% in 2011, and the change was quite consistent across regions. This could be related Effect of year was significant (P < 0.05) based on two-factor ANOVA (year and region) followed by Scheffe's test of means. Table 4 . National averages (standard errors where possible) for production practices that were deemed to have not changed a from 2005 to 2011. The t-or z-test between each pair of means was not significant at P < 0.05. These data are binary (yes/no), as such they can be assumed to be normally distributed except when means approach 0 or 1; in these cases, the standard errors have little meaning and are not shown.
to the drier conditions in later summer and fall, especially in the Prairies, so that cattle spent more time accessing water and shade. The importance of animals congregating is that the useful nutrients are transferred from the overall pasture area and are spatially concentrated through excretion in camping (congregation) areas (Peters et al. 2011) , and there may be more compaction and moisture from urine, which, in combination, might increase emissions of NH 3 and greenhouse gases relative to the main pasture area (Saggar et al. 2009; Sheppard and Bittman 2011) . However, there are no Canadian data available to validate this hypothesis.
Winter grazing was more common in 2011 than 2005 (Table 7) and may be attributed to a growing acceptance of these lower cost production systems (McCartney et al. 2004; Kelln et al. 2012) , especially in the low-profit years after 2005. The ratio of numbers of cows grazing in winter vs. summer is a useful metric and shows a distinct proportional increase from 2005 to 2011 in all regions (Fig. 1) . The ratio is over 50% in the Prairies, suggesting that nearly half of all summer-pastured cows are also wintered for at least some portion of the winter on pasture. The very rapid adoption of this practice, which is confirmed by expert observation, was probably precipitated by economic pressures including the carrying of more animals over winter due to marketing constraints brought about by BSE. Winter grazing, whether it is on stockpiled forage, swathed cereals or hay bales, also has Means of the four regions in each row that are not statistically different by Scheffe's test are followed by the same lowercase letters. Because the numbers of samples for each mean varied, the difference that was considered significant differed for each pair of means. Means of the four regions in each row that are not statistically different by Scheffe's test are followed by the same lowercase letters. Because the numbers of samples for each mean varied, the difference that was considered significant differed for each pair of means. important environmental implications. Typically, there are much lower NH 3 and nitrous oxide (N 2 O) emissions on pasture than in confinement housing systems, so winter grazing may potentially reduce the environmental footprint of beef cattle. However, there remain uncertainties about excessive concentration of manure in grazed areas leading to nutrient hotspots that could result in nutrient run-off during spring thaw (Smith et al. 2011) , as well as the implications of winter grazing on processes such as enteric methane emissions (Bernier et al. 2012) .
Producers may provide supplemental feed to animals on pasture especially in winter (Table 7) . For winter grazing, some ingredients such as forages with <25% legume content were fairly constant between 2005 and 2011 regardless of animal type. In contrast, there was significantly less cereal hay or silage used for both summer and winter feeding, less straw in summer for both backgrounders and cows, and more use of grain for backgrounders in summer. Feeding more grain in 2011 when grain prices were high suggests an abundance of feedgrade cereals.
Practices that changed: feedlots and manure handling
Although data were gathered for feedlots across Canada, only in the Prairies were there enough data to allow comparisons between years. The data (Table 8) change in the amount of paved area in the feedlots (<25% on 99% of feedlots). Note that the 2005 survey included some exceptionally large feedlots, whereas these were not accessible for the survey in 2011.
There were differences in the timing of cleaning the manure from feedlots (Table 8) Note: Data within columns 2 and 3 are averages followed by their corresponding standard errors in parentheses where possible. These data are binary (yes/no), as such they can be assumed to be normally distributed except when means approach 0 or 1; in these cases the standard errors have little meaning and are not shown. a Level of significance of the t-or z-test.
The feedstuffs utilized for backgrounding and finishing cattle in feedlots on the Prairies are also shown in Table 8 . A decrease in the use of grain and cereal hay or silage and greater use of high-legume forages, which are likely to have high protein content, was reported in both backgrounding and finishing diets in 2011. This change may reflect more dedicated feedlots sampled in 2005 than in 2011 where more operations sampled that finished cattle also had cow-calf and backgrounding operations. Another factor contributing to the increase in grain fed in 2005 may be related to supply and price. There was 4.6 × 10 6 tonnes (45%) more barley available in Canada in March 2005 than in March 2011 and the price of barley (in Manitoba for example) increased from $80 to $160 per tonne (http://www5.statcan.gc.ca/cansim/a26, Table 001-0041). Selling grain may have been more profitable than feeding it in 2011. Despite this shift in ingredient usage, there was no change in the target crude protein concentrations in finishing cattle diets (Table 8 ). An increase was expected in the use of distillers' grains Fig. 2 . Histograms of body weights on entry and on shipping from feedlots on the Prairies. In the upper 2 plots (2005), steers, heifers, and cows were not differentiated and backgrounding in feedlots was included. In the lower four plots (2011), cattle types were differentiated (cows not shown here) and those shown were solely animals finished and shipped to slaughter. Figure appears in colour on the Web. as a relatively new feed material in the Prairies available at low cost (Dugan et al. 2010 ), but there was no increase reported for either backgrounding or finishing operations. This information supports the data that total-diet crude protein concentration had not changed.
Feedlot entry and exit weights are depicted in Fig. 2 . The wide range in weight of cattle entering feedlots in 2005 is partially because the 2005 data included both backgrounded and finished cattle while the 2011 data were for finished cattle only. This difference is also reflected in the observed bi-modal distribution of cattle leaving the feedlot as lower weight cattle left backgrounding lots to enter finishing lots while heavier weight cattle left finishing lots to go to slaughter. The histograms for 2011 are for finished cattle only and therefore do not possess the same bi-modal distribution, as all cattle are on finishing diets and are destined for slaughter. The most distinct feature of the 2011 histograms in the observed increased in weight of steers leaving the feedlot. In 2005, the median of the upper peak (those above 470 kg) was 588 kg, and in 2011, the median for both steers and heifers was 614 kg, a difference of 26 kg. This is consistent with the trend in carcass weights reported by Statistics Canada demonstrating an increase in average cold dressed weight of carcass with time: about 3.2 kg per year higher since 1981 (http://www5. statcan.gc.ca/cansim/pick-choisir), which would imply about a 19-kg increase in live weight from 2005 to 2011. That these survey results matched the much more comprehensive census data support our survey methodology.
The vast majority of beef operations produced solid or "farmyard" manure, and this was consistent in both surveys (90% in 2011 and 95% in 2005, data not shown). Composting of solid manure is used to reduce volume, weed seeds, pathogens and sometimes odour. Canadawide composting declined from 17% of operations in 2005 to 12% in 2011 ( Table 9 ). The decline appeared mainly on the Prairies which had significantly more composting than the East in 2005, but there was no significant difference among regions in 2011. This may be attributed to increasing costs of composting compared with landspreading raw farmyard manure and perhaps also to a decline in demand for compost or a change in manure management regulations. This trend was unexpected. Composting increases N 2 O emissions but decreases methane emissions because of increased aeration (Pattey et al. 2005 ).
There was a significant decline in the fraction of manure spread on tilled land from 2005 to 2011, and the decline was apparent in both East and Prairie regions (Table 9 ). There was a significant increase in the fraction of manure spread on reduced-tilled and forage lands, the Means of the four regions in each row that are not statistically different by Scheffe's test are followed by the same lowercase letters. Because the numbers of samples for each mean varied, the difference that was considered significant differed for each pair of means. GSD is the geometric standard deviation, shown because these data were strongly skewed. latter evident only in the Prairies. On the Prairies, there has been an increase in use of reduced tillage so there may be less opportunity to spread on tilled land, especially near large operations. For example, in Alberta, reduced-till methods were used on 64.8% of seeded land in 2011 compared with 47.8% in 2006 while conventional tillage decreased from 24.5% to 12.8% (http:// www.statcan.gc.ca/pub/95-640-x/2012002/prov/48-eng. htm#Other_agricultural). For solid cattle manure, there are few technical options to mitigate N loss through NH 3 volatilization after spreading, and injection (liquid manure) or incorporation into the soil is not practiced on either forages or reduced-tilled arable crops. Therefore, the shift to untilled land likely results in increased NH 3 emissions and reduced N recovers from manure. There may be a relationship between more manure applied to forages and the reduced application of mineral N fertilizer on forages in 2011 compared with 2005, although cattle manure from feedlots is typically low in available N due to high NH 3 emissions. Note that for manure left on the soil surface (not incorporated), there is less likely to be run-off from perennial forages than from bare untilled arable fields, so increasing spreading on forage fields may be beneficial for protecting surface waters from nutrient and pathogen contamination provided that they are not more steep or closer to water courses.
For cattle manure on tilled land that was incorporated into the soil, the lag time between spreading and incorporation of manure decreased significantly by 10 h from 2005 to 2011 although there was no difference at all in the East (Table 9 ). Rapid incorporation, while logistically challenging for farmers, limits N loss by volatilization of NH 3 and reduces the risk of run-off. There remains a substantial range: With a GSD of 4.9 (in 2011, Table 9 ), this implies the overall 95th percentile is 24-fold above the mean (48-d lag) . While the GM of the time gap from application to incorporation has diminished from 58 to 48 h, a further reduction to less than 12 h would be required to substantially limit NH 3 volatilization (Webb et al. 2014) . The shorter lag time reported may be due to greater awareness by farmers, increased size of field equipment which enables more rapid field operations or greater use of custom services for manure removal and application. Also, drier weather in the Prairies in many months of 2011 vs. 2005 may have facilitated shorter lag times for incorporation.
There was a trend to later manure application in 2011 compared with 2005 on both reduced-till (Fig. 3) and tilled lands which was most robust in terms of difference and sample size on the Prairies (Fig. 4) . For the Prairies where most of the feedlots were located, this is consistent with the significantly less manure cleaned out of feedlots from December to May in 2011 (Table 9 ). The drier fall in 2011 compared with 2005, especially in the Prairies, would support later manure application which could mean that this change was, in part, weather driven and did not reflect changing practices. For unincorporated manure, nutrient use by crops is higher for spring than fall application. Applying manure in cool weather is likely to reduce emissions of NH 3 , but it is not clear if emissions of N 2 O would be greater for fall-or spring-applied manure because spring thaw contributes to N 2 O emissions (WagnerRiddle and Thurtell 1998). Clumpy solid manure produced in cattle operations is less likely to interfere with emergence especially of small seeded crops when applied in fall rather than in spring.
Across all regions and in both years, most operations spread manure without consideration of wind speed, and there were significantly more operations which spread manure regardless of wind in 2011 compared with 2005 (Table 9) . Wind affects odour, among other things, and is less likely to be considered for spreading of solid manure than slurry: slurry is often more odorous and contains more NH 3 that is subject to loss in windy weather by volatilization.
Practices that changed: vegetation around feeding facilities
The types of vegetation surrounding feeding facilities varied significantly between 2005 and 2011, with more woodlots in both the NW and SE directions and lesser amounts of other vegetation types (Table 10 ). The expectation was for a trend to more low vegetation (i.e., crops): This would result from clearing of trees in favour of crops and the increasing prices for commodities leading to an increase in the number of seeded hectares. For example, arable crops occupied 74.1% of farmland in 2011 compared with 68.6% in 2005 (http://www.statcan.gc.ca/pub/95-640-x/ 2012002/prov/35-eng.htm#Farm_area). This trend was evident in the East for both NW and SE directions, but was not as consistent in the other regions. Notably, the sampling in 2011 was of smaller operations than in 2005 (Table 1) , and thus, feeding areas may have been in lessopen areas compared to that in 2005. The presence of woody species, especially woodlots, is of interest for atmospheric dispersion modelling of farm source pollutants and for habitat diversity.
Conclusion
The Canada-wide surveys of cattle operations conducted in 2005 and 2011 provided the opportunity to evaluate changes in management practices over that time period. These surveys captured about 1%-2% of the national herd, and with >1000 operations sampled each year, the reported statistical differences are considered to reliably represent cattle husbandry in Canada (at the customary 95th percentile probability level). Both surveys sampled a similar but not identical set of operations, but some comparisons of practices across years could not be made because of changes to the questionnaire to improve clarity and add detail. Many of the parameters had very similar values over the two surveys, and we took this as evidence that the survey methodologies were comparable. Similarities were observed, for example, in number of forage harvests, covers for feed and manure, and degree of manure incorporation. There were also several notable changes in other management strategies. Compared with 2005, in 2011, there was nearly a doubling of winter-time grazing of cattle probably encouraged by tight profit margins following the BSE crisis. This new winter grazing technology promises several lasting economic and environmental benefits such as reducing NH 3 and N 2 O emissions and conserving N. There was more manure applied to untilled land (both perennial forage and reduced-tilled annual crops) in 2011, minimizing opportunities for reducing NH 3 loss and conserving N, with perhaps less nutrient run-off. For tilled land, there was a reduced lag time from spreading to incorporation. Composting is still practiced infrequently, but the difference between East and Prairies has declined. There appears to be more crops and less woody plants near farmsteads especially in the East, perhaps as more land was allocated to producing high-value crops. Data on changes in management practices will help the industry and policy makers to quantify changes in environmental indicators and emissions inventories, as well as to identify research and extension priorities. Future surveys should be built on the structure of these surveys to facilitate trend analysis. Means of the four regions in each row that are not statistically different by Scheffe's test are followed by the same lowercase letters. Because the numbers of samples for each mean varied, the difference that was considered significant differed for each pair of means. 
